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(57) Abstract 

A process for reacting an olefinic compound with carbon monoxide and hydrogen in the presence of a catalyst containing a metal of 
the groups 8 to 10 and a trivalent organophosphorus compound and producing a corresponding aldehyde, characterized in that a phosphonite 
compound of any of general formulae (I) to ( v ) is used as the trivalent organophosphorus compound. 
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-fiSSt (IV) T-^fr£ixS*;**^--f Mfcl^CD*-et>, X\ X\ X\ RIF 

x i t^mmmt*mmxihz>Tm-$&?£ (iv* ) x^^th^\t^mm^ 
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O — At* 



/ 



(Y 4 Jm 5 -0-P 
I 

(A r 9 )m6 
I 

(Y^W 
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A r ~ — 



(Z 4 )m3 



(W) 



(A^°)m 8 O — At 7 



(Y 6 >re -O-P 



/ 



\ 



Ar 8 — (Z 5 )m4 



(5S4 1 , Ar\ Ar\ Ar\ Ar\ A r 9 &tf A r 1 "fi^tt^ixg&Xtt^e 

mmmco 2 mo)mik7kmm& mioiss Ar\ at i \ y\ y 5 wy 6 ±wi 

flMfc©.*^ U- U m3, m4, m5, m6, m7, mSRXfmQit^ri^tl 0 
X t£ IE c£>g£fc£r^ ) 

iSE-j&it (IV ) y\ Y s &tfY 8 ^:b£;ft3£Ht:7kfi?g<!: ltd, 

1 ~ 3 0 (DT fr* U-Vg, i/^PTMUyl, 7 !) - uyg/j^lf fjil, 
Ar 5 , A r \ Ar\ Ar", A r 9 SI/A r 1 °-?&t> £ tlZ ^#8i£Hfc7k#£ <b 
L-Cli, IjftXIiMjftC^fjR 6 ~ 3 0 © 2 §C7 y - uvS, fct*.Hfl, 
2-7^-U>-S, 1, 2-t7f 2, 3 -I-??- Is^Hs&Httf 

S/c, Ar', Ar 6 , Ar r , Ar\ Ar 9 , Ar 10 , Y\ Y\ Y\ Z<R 
XfZ 5 (Dw:&mtLXte. mllE— (IV) <P<DX\ X\ X\ X\ Q\ Q 4 R 
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Ztlh<Doh, m3, m4, m5, m6, m7 s m 8R TJm9l$ 0 h L < 1 -Cfc -5 n 
£*S#*LV\, 2I«S (Y J ) m5- (A r °) m6 - (Y 5 ) m7 - (Ar'°) 
m8- (Y 6 ) m9 HtI*B«]l:lt ^^U>-g, 1, 3-7'nt : 

l, 4 -T^-u^aE, 1, 5--^^^u>-S, 1, 

1, 3-7x^ 1, 4-7x- l^>-S, 1, 2-t7f 2, 3 
-■J-^U^S, 2, 2' -t^x^uyS^ 4, 4, 5 
-7xty hy ^S, 3, 3' -S?*?VU-2, 2' -t^xzi/y^ 3, 
3' , 5, 5' -fh7-t-/f/U-2, 2' -t'7x^l/yl s 2, 2' - 

(i, l' -t't7fuy) 1, 1' - (2, 2' -f^-^^uv) S, 3, 
3' , 6, 6' -T b 9 - t --f*f-)\s- 2 , 2' - (1, 1 ' - ^f7f U- ^) 
3, 3' -^f;i/-2, 2' - (1, 1* -t*^"7^U» m, 1, 2- 

v^^^ 1 u^-o-fef i, i/y<yt'yS, i, 4 

>"try^ i, 2-i?^f i/yt7^uyS, 2, 3--^>f uyt7^i/yS, 

2, 2' uyt'7x^;Ul, 3, 3' , 5, 5* -Th7-t-^ 
-2, 2' -i/^f uyh'7x-/H, 3, 3' 5' - 
i7^h3-v--2, 2' -^^^u^t'^^-^S, 2, 2' -v^^uy- (1, 

l' -ft7^yy) g x 2, 2' --y^f 3' , 6, 6' -r h7 

-t-^^/u- (i, i' -t-^-^^uv) 4, 5 -^^^ uy7xty h 

uy7x^;ul, 2 - t - 7*^ - 6 - > f Uy7x^l? 

«SJ;9»Sb^^. 2l(DSAr 5 - (Z 4 ) m3 - Ar 8 SlFAr r - (Z 5 ) m4 - 
Ar s iLri#^!;li, 2, 2' - t"7 U7|, 3, 

2, 2' -t^x^yyl, 5, 5' -v^^/U-2, 2' -t'7x-U7| v 
3-7x-/U-2, 2' -t"7oi^U>g, 3, 5-^7 ^ - 2 , 2' - tf 
7x^ 3 — v".^ v'/U— 2 , 2' — t'7x- 4, 4' — i? 

^5^-2.. 2 y -t*7ai— Uyg, 4, 4' - t - y^-sls- 2 , 2' -t"7i 
^l^yg, 3 -*3-JV-2, 2' -t'7xr:yyi, 5 - 2' - fcf 
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7 zl=- UVS, 5- (2-7x-;Uxf/W) -2, 2' -t"7i-UyI, 5- 
4 - t -^vU- 2 , 2' - t"7i-l/>S, 2, 2' - (1, 1' -f't7f 

3-^^vu-2, 2' - (i, i' - tf-t?^ u» 3-t-y 

=f-;V-2, 2' - (1, 1' -\f-T-7j-U» 3, 6, 3' , 6' -f h7 

-t-y^/w-2, 2' - (i, i' - \f-r-7^-\y^) m^?frmfhft,z>o itz 

rtfL-tft^h^ r j wiv^iiA r 5 ^i;a r ^©iMlS:^ r j (Ofe 

Z&^&A r B RTfA r s ±<DmmiLW$:mib-ro ) ^-Ct>2, 2' - t'7x^U 
3, 5 - is- t -7^~>V- 2 , 2' -lf7x=U^SaJffl'Cji)5. 
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urii^Si: 1 ~ 3 o oM^fcot ^ i^r/u^/H, v/^nj/^^I, ft 
ii£^fco-t t> cfc^r^-^g, x(i^^|gc6 ~ 3 o <dt v —/^m^mifbti^>, 

t'tffflTjkZtL, i/^D7;u=3f/uStLtil is 9 pt*p t*/um, is? p^^a- 
g x p^ar^/ug^ T^tr-^mk LX\it?=-^m, TV* 

q-c*^5 2m<Dmmmk i^x^m^mm^x^^^mfD^mm^m^^ 
±mQ 6 xmi?£ti5m&xte#w&<D2ffi<Dmit7kmmk l-cis, ^s?$c i ~ 

3 0^*t5 7/v#uyS, i/^a7/U^^>S, 7^^-t^yl, ^^^C 6 ~ 

x 8 , x\ x i \ x^RVQ'xmzixzixikTkmmfDmmmk lxi4, 

1-30, U< tt 1 ~ 8 (DT^dr^S, •>^D7^=Sr/US, ^f»6~22, 

U £ b < 13: 6 ~ l 4 (5DT y — i%m$k l ~ 3 0 % L<lil~8©7y^ 

7 ~ 3 0 ©7^#^7 D -^1, 7* D — ^T/i^/i^ TWUg, 

V/um, 7;K^7 5 7S, ^ibf-ttTK^S. 7?/I, -bpg, 

LTI±, ->^o7ot>I, v-^ p^V^vi-g, P^df- ky/>ffl7F£ 
ix x 7;u^=./i/gi: LTIit'-zi'l, T'J^S, 1 - is ? p ^=*ir <b"'^ 
#J^£n, 7y-yPli Lt(j:7x^;ui, l 2-f7f;Hf 
7^#!^£tl£ 0 ^ix^^M^Stt, X 9 , X 8 , X 10 , X 1 'St>*Q 6 cD^tl^iX(D^ 



WO 98/43935 



45 



PCT/JP98/01362 



(v) -x?&t>£tiz<k&m<Do *>-c«, X s , x\ x 10 stfx l, ^3T# 
&#<k7k*S^fcSTi£--«:5*; (V) Mfc^fcuW 

O At* 1 

/ 

I \ 

<A^U 2 ° Arl2 

I 

(Y 8 )nd3 (V) 
I 

i / 

\ 

O Arl4 



(5$*, Ar", Ar 12 , A r '^^A r ''li, *iX^ttiBtftXtt^e*fe<^^# 
Se^k7lc5RK***>L. A r ,s S.t^A r 1 6 J4-t^-eH«iftX«:*«ft© 2 i<D^ 

*Xtt*Bife03 2iiifiO^r*£S:^i-« £fc, mil, ml2 s ml3 % m 14&t/m 15{4 

-J&5£ (V) Ar", Ar 12 , Ar 13 WA r 14 t'^^5f f|K 

a r i6 x*i%te£tiz> 2 mcD^mm^mmt. iix«MMit6~3 

0<DT V- ls>mvh<9 , Y\ Y 8 ^.TJY 9 T'^^^iX-5 2ffi(D^mSi4, 
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Ar ! \ Ar' 2 , Ar l \ Ar'\ Ar' 5 , Ar", Y 7 , Y B RXf Y *COg&g <!: 
Ltli^itl~3 0, L< ii 1 ~8©7^=«r^S, v'^nT^S, 

3lf£ 6 ~ 2 2 , ^L<IJ6~1407!) 1-30, # £ L < it 

A r 1 2 , A r 13 RXfiA r 1 4 (D^tl^tMDmtTkmmKtt It l~5ittUt^ 
Tt>=t < , A r ts RTfA r 1 6 CD^;ft^ft<7)^fc7K3?f It l~4ii^Lt 

VNT^«fc<, Y 7 , Y*RTfY*(D^tl?]n,<Dmit7kmmztt\^X 1 ~ 2iis&u-r 

</^Tt><fc<, fl»0, **<Z>«&SttE)UTffc»fcoTV , '-Ct><J:V\, Ar'\ 

A r 1 8 N Y\ Y 8 S.^Y 9 ±OMmSl^drfi^:i^^tLl:v^{C^^•^^fi£trv^-C 4 o 

«fcv\ 

Ar'\ Ar 12 , A r ''WA r l4 i LXM^til 7s=/H, 2, 4- 
v?- t ;vS, 2 - t —-ftf-fls— 4 Y$r^? ^S, 2— 
^ d^dj-vvW— 4 — ^ f/U7x^ ;US, 4— ->7 7- 2— ^ h Jrv'7i-^1 1 
2, 4-y^PD7x-/US, 1 -"^IT'^A'g, 2 -"^^vUg, 9-7'ai-t-> 
f;VS, 3, 6-^- t - 7*f ^- 2-t7f fj^ o c|it't)A r 

Ar 12 , A r i3 RV>A r 14 1 Ltli7x-/H, 2, 4 - 5?- t - 7*f^7 ^ - 
/l^, 1 - t7f ;H, 2-t7f/US, 3, 6 -v 5 - t -^/U- 2 --t-^^- 
£fc, mil, ml2, ml3, m 1 4S. tJ^ ml 5 li 0 fcKlil # s #f ^ LV\ 
(Y 7 ) mil- (Ar 15 ) ml2- (Y 8 ) ml3- (Ar 16 ) ml4- (Y 9 ) mlSt* 

>-S, ^i^l/^S, 1, S-^ntVyl, 1, 4-7' i f l^Vl, 1, 5--<^ 

f uy|, l, 2 - 7x-i/yl, l, 3 - t 7 u>-g, l, 4 -7m— u v 

1, 2-^r-7^U>-£ N 2, 3-^:7^1/^, 2, 2* - fc* 7 ;r - U 
4, 5-7yhU 1-^1, 4, 5-7xt>F!) uyl, 3, 3' -v^^/U- 
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2 N 2' -t"7 ^— 3, 3' , 5, 5' -f h7~ t -^f /!/- 2, 2 

' -t7i = uyS, 2, 2* - (1, 1* -t'^-^^U^) g t 1, 1' - 

(2, 2* -tt7f 1/^) 3, 3' , 6, 6' -7^7-1-/^-2, 

2' - (1, 1* -tr-*-7^-U» I, 3, 3' -^^vU-2, 2* - (1, 

i' - t'-T-^^u^) l, 2 -i^^f uy<yfvS, 1, 

•-O-ir^g, 1, 4 - 5=" UV-^Vif 1, 2 - 1/>S, 

2, 3 - *S*?-\sls-i'7 9 l^yi. 2, 2' --^f t^x^/Ul, 3, 3 
' , 5, 5' -7F7-t-7'^-2, 2' l/> t'7xx;U£, 3, 

3' 5' - is* h 2 , 2' -i/^f WVI^7i = 

^S, 2, 2' -S^^-U^- (1, 1* - t'-T-^^ U>) g s 2, 2' -v^ 
5^U>-3, 3' , 6, 6' -f h7-t-7"^- (1, 1' -fc"-7--7*U 
>-) S> 4, 5 - U^7xt> h uy7x=;ul, 2- 
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^^^77^ h^«5^#*>«9, #je«afi&*-ra-iR3*; 
(I) - (v) <m^;h,2&»<D8*:R*fctt#*R, <w^-mmvf£t^i*-m.i¥m#; 

9t%%g.m ( 3, P nmrS) wjftJ^icjo{-j-S{l:#->7 hoiiaotliLi 
(iv* ) ^^n^-ilt^^^t^ Mb-£**fctt— ttsi; (v* ) T*^$fu 

TcRiC^WUM^Sl^itSo ^{cgiJSJ^-efcs^-u^^ ^oSTcSJfcteSWtcffl] 
4»-Cfeixtf»t-S<JISttSS< > ^rtti&fcttx ^^u^, 7 ! ofuy 1 7r>, 7'^ 



WO 98/4393S 



PCT/JP98/01362 



59 

w v-tt^-ftTk^, r ^ y o- h y^K ry/uj^n-^ i-t 

Ka^i/-2, 7 —jr? & 3-tKn^y-i, 7 — p p sj^^ ^ 

itm #J;tl£. ifi<bnt?*A x 5H»pv?^A % f^Pv^A, ^Sn^7A, 

=• /K ^, m' -■7^aop-/7AfF7*^-;K [Rh (OAc) (CO 
D) ] 2 (A c liTtf yul, CODIil, 5 - */ $ a ^ 9 $ i>=- >&-Ztl^tl& 
fr1~o ) „ [Rh (/x-S-t-Bu) (CO) 2 ] 2 (D <fc 5 #0 is? J±<D?} 
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j&sAMJDK-T-**"?, RJCESftE S/Mc*f LO. 0 5 m g ~ 5 g , L < Kt 

0. 5mg~l g©8i*»6iiins. 

ii^ftmvi^^m i ^^^fc 9^)0 . ooi~iooo*;k JfiKiio. i 
~ 2 0 0 * L < ii 0 . 3 ~ 2 0 ^-^kd^IS^ ^iltt*n^ 0 

^fc^#^^^x^, SCTgte, ii^l 5-2 0 0^ »SL<I150~1 5 
(D^^it (H2/CO) itm^ 1 0/1 — 1/1 0 , £f £ L<fil/l~6/lC0 
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£ri§I;i&v N l>Ji 9 J^Tco^iS^J^J: oTPS^^tLS ^rot'l^ii^ 
HifctfJ l 

^t«2 o o m i (D^x vu^^^±T$t#M^-- h ^ u-yiz^ ^mnmn 

7tlIHth;H^5 5mK rt^5^2i<b LT^^? 5 m 1 , [Rh 
(OAc) (COD)] 2^39. 4 m g &t£IB&^P <!; Lt^7*t^ Mfc-g^ 
(2) ^oi?^Al^fcH. Omo ltt^, h * U — 7&mffl L7t 0 

5 0 garEALfc, &^T- 7 Ot^T'^iSLf::^ h * zrft\Z.-fote.tf * 

(H2/CO) ^ffALTiffi^?rl 0. omjBEtt, S/S£Fjflte£-£fc 0 EJfctc 

Hi£#J 2 ~ 1 0 
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- (51) 
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mwmm. Jt«E^*P*xi/ta«tf-s:iRo#itfc2 oomi eop77^^ 

Lf'tg. 2. 655g (11. 3mmo 1) 6H- 
if'iy'S [ c , e] - 1 , 2 -3j-df--y-*^.^ ^y^l 2 m 1 CO T H F arAilT 
j£#L, ^HfBA^OlCS-C^iPbfco Utt&lRttfcJ&sp^ -£co*gjfccp{^ 3. i 
82g (11. 2 mm o 1 ) CO 2 , 4 — v?— t - -/"f-fV — 6 -7xr.;U7i / — 
^S.t^2 . 3 9 6 g (23. 7 mm o I ) CO h U ^ifvUT 5 23ml COT 

HFfcS*$*fc**«rO. 5B#P B ^^ftT^TLfc 0 ?i§Tm> HI- l iSWflH** 

2. 236g (23. 7mmol) <D&&mW-<D* *-fc-t 4 Mfc#4fc (3) 

-t^ Y\\L^m (3) co^itli, »H. ' 3 CSlf 3 1 P^M*Ri 
(NMR ; /<!) 7Vtt«a = 7^ 3 0 Oittffl) arfflV^TaW©^ 
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H - 2 



31 P NMR( 6 .CDCla) ; 131.8 



! H NMR(6 , CDCla ; 3*£* (J in Hz)); 

7.98(lH,d,6.4 & 1.2), 7. 87(1H, bold, 8. 1 & 0. 5), 7. 49 (1H, t, 5. 6) , 7.40 
-7. 18(9H,m), 7.04(1H, d, 2. 7), 6. 46(1H, dd, 5. 7 & 0. 9) , 6. 42 (1H, 0. 7) , 
1.30(9H, r), 1.15(9H,s) 



13 C NMR(8,CDC1 3 tirfrJ&K (J in Hz)); 

149. 8(d, 9. 1), 149. 5(d, 8. 2), 145. 2 (d, 1. 2) , 141. 3 (d, 2. 7) , 141. 2(d, 
2.4), 134. 8(d, 6. 1), 132.2(s), 132.2(s), 132.0(s), 131. 5 (s) , 131.4 
(s), 131. 3(s), 131. 2(s), 129. l(s), 128. 5 (s) , 127. 4 (d, 0. 6) , 127.1 
(s), 127. l(s), 126. 9 (s), 124. 4 (s), 123. 9 (s), 123. 2 (s), 122. 9 (s), 
121. 4(d, 1. 5), 35. 3 (s), 34. 4 (s), 31. 5 (s), 30. 8 (s) 



31 P NMR ; yy»S«©fk^'>7H, 
'H NMR ; TlAS^%£<Dik^is-7 hW. a 
,3 C NMR; TMS mm0Ofc!£i/7 htto 

mmmi 1 

ftmmz o om i <DxT^isxmm±Tmwm*- u— 

h (OAc) (COD) ] 2 ^3 9. 4 m g S.^iafe^t L-CTf5«it^^-r2.^ 
^Hs-jr-i hitS-ty) (63) ^Di/^Al ^r/umtz <9 4 . 0 m o 1 tfci&^K * — h 

^ U— y^tdTKti^^ (Hi/CO) ^rilALTiJI^^l 0. 0 *U£ £ U frfc 
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#r£tfV\ SJ&Stt. n/iJt, 7^x1: KiR*Xt/*»*Sr#>!>t, feMk&m 
— 3 (d^-f"o 




- (63) 
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